Introduction
Sugars and organic acids are thought to be the most important factors for determining the taste of citrus fruits.
In present marketing channels, the con centrat'on of organic acids is important. Seasonal changes in the concentration of organic acids in citrus fruits have been frequently investigated in Japan (3, 4, 5) . However, in most of these studies, fruit size varied and sampling intervals were too long.
Many data were limited to the stage very close to the harvest time.
Many of the above limitations were associated with the quantitative limitation of silicic gel column chromatography which has been used in the analyses of organic acids.
This limitation can be overcome using gas liquid chromatography (GLC), by converting organic acids to 1-butyl esters and analyzing the ester mixtures, a procedure recently applied to fruit analysis by Yamashita et al. (11) .
In the present study, seasonal changes in the organic acid content of several satsuma mandarin strains were precisely analyzed using GLC from the beginning of the fruit Received for publication July 3, 1980 . * Studies on the Organic Acids of Citrus Fruits (VII). 519 growth through the senescent period.
It was found that the degree of fluctuation in the levels of organic acids depend upon the strains, and that the absolute amount, rather than the concentration of citric acid was associated with the differences in the characteristics of maturity among the strains .
Materials and Methods
Three strains of satsuma mandarin, Miya gawa wase unshiu (Miyagawa), Sugiyama futsu unshiu (Sugiyama) and Imamura futsu unshiu (Imamura) were planted at the Fukuoka Horticultural Experiment Station. Two trees of each strain were used for study . Fukuhara orange (C. sinensis Osbeck) was also used as a control variety.
Fruit sampling periods began in July, 1974 and finished in November, 1974 for the Sugiyama, in February, 1975 for the Miyagawa and Imamura, and in April, 1975 for the Fukuhara . Thirty fruits, randomly selected from around the trees, were labeled and the diameter of these fruits were measured every week through December, and every two weeks thereafter.
Fruits with the same diameter were obtained for data on fresh weight of whole fruit and pulp (peeled fruit) and titratable acidity in the pulp.
On the basis of the seasonal fluctuation of the concentrations and the absolute amounts of titra- 
Results and Discussion
Data on flesh fruit weight (Table 1) suggest that fruit growth for each strain and variety was normal.
Formic, acetic, oxalic, malonic, succinic, malic and citric acids were found as sharp symmetric peaks in the chromatograms. Citric acid was dominant, followed by malic acid; other acids were minor, and their data will be omitted from this report.
Concentration of organic acids in the pulp. The concentration of citric acid was low when fruit was very young but increased rapidly as it grew.
In Miyagawa and Sugiyama, the concentrations reached the maxima in early August, and in Imamura, in early September.
Then concentrations decreased gradually as the fruit matured (Fig.  1) . The citric acid concentrations in both mandarins (6) and oranges (1, 7, 8, 10 ) have maxima during summer and autumn, but no clear relationship was found between the citric acid concentration and the maturation characteristics (1, 7, 8, 10) . In the present study, it was clearly demon- A higher malic acid concentration in young fruit may be explained by the hypothesis that, during this period, sugars transported from leaves are changed into acids through glycolysis, and that the addition of CO2 to pyruvate is preferred over the conversion of pyruvate to citric acid via acetyl-Co A (2).
Content of organic acids in the pulp. The absolute amount of citric acid per fruit was very low in young fruit, but increased rapidly during fruit growth.
Miyagawa reached its maximum value in early September; Imamura and Sugiyama, in early October. The amounts then decreased until harvest time (Fig. 3) . Fukuhara followed almost the same tendency ; the value reached its maximum in early November, remained unchanged about two months, then decreased. Similar results have been obtained by Kakiuchi et al. (3, 4) who found the maxima in early September with early-maturing satsuma mandarin (wase unshiu), in early October with late-maturing satsuma mandaring (f utsu unshiu) and in the middle of November for Fukuhara orange.
Sinclair and Ramsey (9) reported that the decrease of citric acid concentration in the late period of fruit growth was explained simply by dilution due to fruit enlargement. However, data herein show that the absolute amount of citric acid decrease.
Thus, the decrease in citric acid concentration in satsuma mandarin may be caused by both dilution and higher degradation rates. It may be inferred that the gradual decrease in acid concentration after harvest time, or during senescense, is mainly brought about by the loss of citric and malic acid.
In the strains compared in the present study, Miyagawa (early-maturing) reached the maximum earliest, follwed by Sugiyama and Imamura (late-maturing) about a month later.
Though Sugiyama showed lower levels of citric acid than Imamura throughout their life spans, their maxima were at the same time.
Consequently, it is suggested that the earlier the citric acid amount peaks, the earlier maturation occurs.
Satusma mandarin had a lower total amount of citric acid in the pulp at the harvest time and attained the maximum amount of citric acid earlier than the Fukuhara orange. For citric acid the absolute amount appears more highly associated with maturation characteristics between the two varieties compared than does citric acid concentration. The malic acid content in a pulp increased as a fruit matured but decreased after harvest time (Fig. 4) . This pattern was observed in all the strains studied.
Fukuhara also exhibited this pattern.
The malic acid content of Imamura in September may be exceptional.
In oranges, malic acid content increases until autumn or winter, and gradually decreases thereafter (4, 7, 9) . Based on the relatively steady values of malic acid concentration through the fruit life of oranges, Rasmussen stated that malic acid was produced at about the rate it was diluted . Our experiments confirm that this is also true for satsuma mandarin.
